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Study of the Effect of Ginkgo Biloba Leaf Extracts on the 
Activity of Cardiac Enzymes LDH, CK-MB using Spectroscopic 
Methods 


1. Heyam A. Hashim Abstract: Acute cessation of coronary blood flow leads 
9 Aseel Khalil Ibraheem to myocardial necrosis, which is referred to as 

myocardial infarction (MI). Myocardial infarction 
3. Shaymaa Saadi Abbood always occurs due to atherosclerosis. The present study 
a is designed to investigate cardiac effects from aqueous 

and alcoholic ginkgo leaf extracts on human serum in 
Received 2"™ Aug 2023, patients with myocardial infarction. This study was 
Accepted 19" Sep 2023, conducted between December 2021 and March 2022. 
Online 27" Oct 2023 


Clinical tests included the inclusion of (60) patients 
diagnosed with myocardial disease and (40) others who 
were in good health as an officer group. The serum of 
these samples was analyzed for activity (ALP, AST, 
ALT, LDH, and CK-MB) using spectroscopy methods. 
Then the extracts of Ginkgo Biloba leaves (aqueous and 
alcoholic) were applied to each patient's serum and the 
LDH, and the CK-MB inhibition ratio was measured to 
verify their effects, and the results showed a rise in the 
activity of the five enzymes of myocardial infarction 
patients, with good inhibition rates for both extractors 
on the effectiveness of enzymes (LDH, CK-MB) and the 
type of inhibition was non-competitive. SPSS-26 was 
used for intermediate comparisons by independent t-test. 
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Introduction: 


Myocardial infarction (MI) is a leading cause of the worldwide rate of conditions and deaths caused by 
the death of myocardial cells caused by oxygen deprivation and heart muscle death begins 20 minutes 
after oxygen interruption[1]. The most common cause of MI cardiac infarction is the rupture of the 
fatty plaque with the exposure of the basal membrane leading to platelet accumulation, thrombosis 
formation, and the accumulation of fibrin, this causes partial or complete blockage of the blood vessels 
followed by myocardium ischemic embolism and then leads to irreversible necrosis when the blockage 
in the vessels occurs for more than 4-6 hours but during this period the heart muscle can be saved and 
reduce medical conditions and deaths[2]. Proteins with a high molecular weight called enzymes serve 
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as catalysts in the body. When enzymes are used as biological catalysts in a natural setting, reaction 
rates are substantially higher than when chemical catalysts are used[3], this is due to their uniqueness, 
adaptability, and efficacy. In his book The Enzyme Revolution, Silverman defines enzymes as "very 
effective organic chemists" [4]. Enzymes minimize the activation energy of the process because they 
are complementary in form and electrostatic properties to the rate-limiting transition state, which 
explains the tremendous rate acceleration witnessed when compared to uncatalyzed processes[5]. 
Heart Enzymes, Creatine Kinase MB (CK) ( EC.2.7.3.2) Called Creatine Phosphokinase, Creatine 
kinase Adenosine Triphosphate: Creatine N phosphotransferase ( CK ) is a cytosolic enzyme essential 
for energy transfer during muscle metabolism [6], It is made up of the amino acids arginine, glycine, 
and methionine and is found in the liver and pancreas. It is essential for the transfer of energy [7]. 
Creatine Phosphokinase (KC) is found in the cytoplasm, And the symmetry of enzymes is a dichotomy 
consisting of a combination of B, M subunits, the M of muscles, and the B of the brain, leading to the 
formation of three isotopes, the two diodes formed B2, M2 (CK-MM and CK-MB) are only found in 
trace amounts in the brain and muscles and elsewhere in the body, and in the natural heart the rate of 
15-20% of CK is CK-MB as its distribution is not homogeneous, The percentage in the right of the 
heart is greater than the heart's left[8]. Lactate dehydrogenase LDH (EC 1.1.1.27) is a hydrogen 
transfer enzyme that uses nicotine amide adenine dinucleotide (NAD) as the hydrogen acceptor to 
catalyze the conversion of L-lactate to pyruvate, the last step of anaerobic glycolysis’ metabolic chain, 
reaction equilibrium strongly favors the reverse reaction because the reaction is reversible, namely the 
reduction of pyruvate ( P ) to lactate ( L )[9]. Ginkgo Biloba leaves have a wide spectrum of 
pharmacological actions and are abundant in a variety of natural active substances [10], which play an 
important role in food[11], health care[12], medicine[13], supplements[14], anti-inflammatory, anti- 
cancer, antioxidant properties[15], and other fields. Ginkgo leaves practiced antioxidant mechanisms 
by suppressing free radicals and reactive oxygen produced during oxidative stress [16]. 


Materials and Methods: 


The extracts used in this work by the method previously described by AK Ibraheem, MZ Thani [17], 
and all kits for enzymes used were from Company Biolabo France. 


Patients and controls: 


Blood samples were collected at Ghazi Hariri Hospital from November 2021 to March 2022. The 
study included the collection of 60 samples of patients with myocardial infarction diagnosed by 
specialist doctors, and 40 healthy people were also included in the control group, full the information 
is available in the Table 1. 


Table 1. The information of the studied groups. 


Group No. of Age Females | Males Mean+SD 
cases (year) 

Patients 60 30-70 30 30 50.15+11.66 

Control 40 29-67 20 20 45.90+11.52 


Collection of blood samples: 


A 10 ml of intravenous blood was withdrawn after the area was sterilized through a vein hole using a 
plastic syringe with a scale of 21 stainless needles and transferred to a simple clean gel tube. The 
serum was separated using a centrifuge for 10 minutes at room temperature. The separated serum was 
then precisely split into three parts using an absorber in Eppendorf tubes and stored at -20°C prior to 
the biochemical analysis. 
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Determination of enzymes activity: 


The activity of ALT, AST, ALP, LDH, and CK-MB enzyme activity was studied in the samples 
collected as follows : 


The activity of (ALT, AST, ALP, LDH and CK-MB) were determined by using method ...[18], 
[19],[20],[21]and[22] respectively. 


Determining the type of inhibition: 
Preparation Inhibition (Stock solution): 


100 mg of inhibitor was taken, then dissolved in 100 ml of Dimethyl Sulfoxide (DMSO), and prepared 
a three-fold dilution of stock solution. 


Type of inhibition: 

A. Reading without inhibitor). (Take two stocks), one for dilution and the second for reaction. 
1. Take 800 uL of reagent (A). 

2. Add 200 uL of reagent (B). 

3. Make a two-fold dilution. 

B. Reading with inhibitor. 

Re-read the absorbance using an inhibitor. 


Note: In this case, we use the dilution (1) on the first page as an inhibitor, which means taking 100 uL 
of this dilution and completing the procedure 


Results and Methods: 
Chemistry Results: 


There are non-significant (P>0.05) differences in age between control (45.90+11.52 years) and 
patients (50.15+11.66 years), as shown in Table 2. 


Table 2. Age and Gender. 


Parameters Control Patients p-value 
N 40 60 - 
Gender M (F) 20 (20) 30 (30) - 
Age (year) 45.90+11.52 50.15+11.66 0.076 
M: Male 
F: Female 
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Figure 1. The mean and SD of age in control and patients. 
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Enzyme’s activity: 


The activity of enzymes (AST, ALT, ALP, LDH, and CK-MB) was studied on 60 patients with 
myocardial infarction and 40 as healthy controls, and it is shown in Table 3. 


Table 3. The activity of serum enzymes in patients and control. 


Parameters Control Patients p-value 
AST (U/L) 24.58+7.68 29.924+16.71 0.034 
ALT (U/L) 20.93+7.85 31.15421.37 0.001 
ALP (U/L) 122.24+432.41 | 193.63484.89 | <0.001 
LDH (U/L) 340.80+62.40 | 464.27+140.67 | <0.001 
CK-MB (U/L) 14.80+4.16 21.03+6.01 <0.001 


Study of AST Enzyme: 


The activity of AST was increased significantly (P<0.05) in myocardial patients’ serum (29.92+16.71 
U/L) compared to that in healthy controls (24.58+7.68 U/L) as shown in Figure 2. 


This finding is consistent with several studies that have reported elevated AST activities in patients 
with heart disease. They also stated that ALT and AST could be considered independent 
predictions[23]. This rise is caused by rupture of heart muscle cells in the affected area due to low 
blood circulation resulting from blockage or narrowing of the coronary arteries and thus the release of 
proteins in the cytoplasm and enzymes (AST, CK-MB, LDH) gradually increasing their concentration 
in the circulatory system[24]. 


oo 


Control Patients 


Figure 2. The mean and SD of AST in control and patients. 
Study of ALT Enzyme: 


The activity of ALT was increased highly significantly (P < 0.00/) in myocardial patients’ serum 
(31.15+21.37 U/L) compared to that in healthy controls (20.93+7.85 U/L) as shown in Figure 3. 


The results were spent with Kyung Mook Choi and his co-workers [25]. Liver markers can also predict 
patient outcomes after acute myocardial infarction. Increased serum levels of ALT and AST are 
correlated with an increased risk of MI events [26]. On the other side, a study conducted by Dodji 
Kossi Djakpo and his assistants [27], showed that one of the reasons for the increased activity of ALT 
is acute myocardial ischemia or necrosis of myocardial cells that occur in the acute myocardial 
infarction model causes increased ALT activity in the serum. 
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Figure 3. The mean and SD of ALT in control and patients. 
Study of ALP Enzyme: 


The activity of ALP was increased highly significantly (P < 0.001) in myocardial patients’ serum 
(193.63+84.89 U/L) compared to that in healthy controls (122.24+32.41 U/L) as shown in Figure (4. 


Excessive vascular calcification is linked to increased ALP activity. This ultimately results in early 
atherosclerosis and cardiovascular incidents, this is seen in the progeria syndrome Hutchinson-Gilford 
or the widespread arterial calcification of infancy syndrome [28]. Serum ALP is also a good prognostic 
factor in MI patients[29], One of the reasons for the increase in the enzyme ALP is oxygen-hungry 
heart muscle tissue after restoring blood supplies that have undergone oxidative stress that generate 
reactive oxygen types that cause damage to proteins and DNA and increase membrane permeability 
[30]. 


122.24 


Control Patients 


Figure 4. The mean and SD of ALP in control and patients. 
Study of LDH Enzyme: 


The activity of LDH was increased highly significantly (P < 0.00/) in myocardial patients’ serum 
(464.27+4140.67 U/L) compared to that in controls (340.80+62.40 U/L) as shown in Figure 5. 


LDH is more effective in the serum after myocardial infarction and begins after 4 -12 hours the 
infection appears and reaches its maximum height after 44 hours and is a useful clinical sign for 
people entering the Hospital in myocardial infarction [31], the high effectiveness of lactate 
dehydrogenase may increase in the infarction of the heart and maybe because the condition has 
damaged the heart cells, causing the release of the enzyme and thus the high effectiveness of the 
enzyme in the serum [32]. 
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Control Patients 


Figure 5. The mean and SD of LDH in control and patients. 
Study of CK-MB Enzyme: 


The activity of CK-MB was increased highly significantly (P < 0.00/) in myocardial patients’ serum 
(21.03+6.01 U/L) compared to that in controls (14.80+4.16 U/L) as shown in Figure 6. This study has 
indicated a high level of effectiveness of CK-MB enzyme in heart patients and our current study is 
consistent with this study, as most heart diseases are accompanied by a high level of effectiveness of 
this enzyme, and this rise is caused by the presence of this enzyme with high concentrations in the 
cells of the heart muscle leads to the destruction of these cells and then release their content from this 
enzyme to the bloodstream with certain concentrations close to the defect that occurred in the heart 


tissue[24]. 
30 
| es 8. 


Control Patients 


Figure 6. The mean and SD of CK-MB in control and patients. 
Effect of GBLEs on Enzymes activity (LDH and CK-MB): 


When examining the effect of these extracts with a different focus on enzymes in serum and patient 
controls, it was found that the water extract acts as an inhibitor for both enzymes, and this was 
demonstrated by the decrease in readings resulting from the addition of this extract and increased 
inhibition with increased concentration of the extract. The alcohol extract acts as an inhibitor of LDH, 
while it does not affect the CK-MB enzyme where the same readings appeared in all the 
concentrations used. The results obtained were identical to several studies that have shown that ginkgo 
extractors have the potential to inhibit the effectiveness of enzymes (LDH and CK-MB) [25] [26] [27]. 


Types of inhibition: 


To determine the type of inhibition of extracts for enzyme prevention, Weaver Burke was drawn. The 
results shown in the models indicated that the type of aqueous inhibition of LDH and CK-MB, and 
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alcohol extract from the LDH enzyme, was non-competitive. In non-competitive inhibition, inhibitors 
at the allosteric site are independently associated with substrate binding; this means that the inhibitor 
shares the same convergence of both the enzyme and the enzyme-substrate compound. The non- 
competitive inhibitor is associated with the enzyme to form an enzyme inhibitor compound (EI), with 
a compound (ES) to form (ESI). The non-competitive inhibition mechanism can be explained as 
follows [33]: 


Tables 4, 5, 6, and Figures 7, 8, and 9 demonstrate the application of the Lineweaver-Burk equation on 
each extract to predict the quality parameters, Vmax and Km, which give an impression of the type of 
inhibitor. 


Table 4. The kinetic parameters of LDH for Ethanol Extract. 


LDH 
Concentration Activity Activity Km _ | Vmax | Vmax" Type 
[mM] (Normal) (with [Mm] | UI/L , 
Inhibitor) UI/L 
0.36 0.000921888 | 0.001470631 0.4 142.8 714 Non-competitive 
0.67 0.001038093 | 0.001764758 
1.00 0.0015 0.002330812 


Figure 7. Line Weaver-Burk plot for Ethanol Extract effect on LDH activity in sera of MI 
patients. 


Table 5. The kinetic parameters of LDH for Aqueous Extract. 


LDH 
Concentration Activity Activity Km Vmax | Vmax 7 Type 
[Mm] (Normal) (with [mM] U/L UY/L 
Inhibitor) 
0.36 0.000921888 0.010535 0.4 142.8 107 Non-competitive 
0.67 0.001038093 0.011522 
1.00 0.001583757 0.0127849 
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Figure 8. Lineweaver Burk Aqueous Extract Effect on LDH activity in sera of MI patients. 


Table 6. The kinetic parameters of CK-MB for Aqueous Extract. 


CK-MB 
Concentration Activity Activity Km _ | Vmax | Vmax 7 Type 
[mM] (Normal) (with [mM] | UI/L UY/L 
Inhibitor) 
15.2 0.07571169 | 0.091527646 5.26 100 76.923 Non- 
competitive 
10.2 0.055069352 | 0.06729928 
6.00 0.035934501 | 0.04097446 


Figure 9. Lineweaver Burk Aqueous Extract effect on CK-MB activity in sera of MI patients. 


Table 7. Correlation among parameters in patients. 


Parameters AST ALT ALP LDH CK-MB 
r p r p r p r p r p 
AST (U/L) - - 0.383* | 0.003 | -0.041 | 0.753 | 0.197 | 0.131 | -0.009 | 0.944 
ALT (U/L) 0.383* | 0.003 - - 0.015 | 0.912 | 0.202 | 0.122 | 0.045 | 0.733 
ALP (U/L) -0.041 | 0.753 | 0.015 | 0.912 - - 0.050 | 0.703 | -0.100 | 0.446 
LDH (U/L) 0.197 | 0.131 | 0.202 | 0.122 | 0.050 | 0.703 - - -0.090 | 0.496 
CK-MB (U/L) | -0.009 | 0.944 | 0.045 | 0.733 | -0.100 | 0.446 | -0.090 | 0.496 - - 
Age (year) 0.112 | 0.392 | 0.141 | 0.282 | -0.120 | 0.361 | -0.033 | 0.802 | -0.015 | 0.907 
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AST (U/L) 


Figure 10. Correlation between AST and ALT in patients. 


Table (7) shows that there was a strong and influential association (highly significant) (P < 0.05) 
between the enzyme AST and ALT where (r = 0.383) and (p = 0.003), is the highest correlation 
between measured parameters, while there was no influential association (non-significantly) between 
the rest of the parameters. 


Table 8. ROC outcomes. 


Parameters AUC | SE | p-value | Cut-off value | Sensitivity | Specificity 
AST (U/L) 0.524 | 0.058 | 0.683 - - - 
ALT (U/L) 0.638 | 0.057 | 0.019 21.50 70% 60% 
ALP (U/L) 0.884 | 0.033 | <0.001 152.17 78.3% 75% 
LDH (U/L) 0.772 | 0.046 | <0.001 328.0 61.7% 70% 
CK-MB (U/L) 0.799 | 0.043 | <0.001 17.50 T3390 65% 


ROC Curve 
r Source of the 
Curve 
ALT 
LDH 


Reference Line 


1 -Specificity 


Figure 11. The ROC curve of the tested enzymes in the prognosis of the disease. 


Results ROC outcomes in Table (8) showed that the largest area under the curve (AUC) was for the 
enzyme ALP where (AUC = 0.884) thus has the highest sensitivity (78.3%) and highest specificity 
(75%), thus considering ALP has the highest adoption in diagnosis among other parameters. While it 
was less (AUC) for AST and less sensitive and less specificity, AST is considered to have less 
reliability in diagnosing. 
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Conclusion: 


This study showed that the aqueous extract acted as an inhibitor of LDH and CK-MB, while the 
alcoholic extract acted as an inhibitor of LDH and showed no effect on CK-MB, and the study also 
showed the type of inhibition of these enzymes where the results showed non-competitive inhibition of 
the extracts. The results obtained were identical to several studies that showed that ginkgo extracts 
were used in acute myocardial ischemia (IM). 
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